The purpose of this research was to develop and optimize a controlled-release multiunit floating system of a highly water soluble drug, ranitidine HCl, using Compritol, Gelucire 50/13, and Gelucire 43/01 as lipid carriers. Ranitidine HCllipid granules were prepared by the melt granulation technique and evaluated for in vitro floating and drug release. Ethyl cellulose, methylcellulose, and hydroxypropyl methylcellulose were evaluated as release rate modifiers. A 3 2 full factorial design was used for optimization by taking the amounts of Gelucire 43/01 (X 1 ) and ethyl cellulose (X 2 ) as independent variables, and the percentage drug released in 1(Q 1 ), 5(Q 5 ), and 10 (Q 10 ) hours as dependent variables. The results revealed that the moderate amount of Gelucire 43/01 and ethyl cellulose provides desired release of ranitidine hydrochloride from a floating system. Batch F4 was considered optimum since it contained less Gelucire and was more similar to the theoretically predicted dissolution profile (f 2 = 62.43). The temperature sensitivity studies for the prepared formulations at 40°C/75% relative humidity for 3 months showed no significant change in in vitro drug release pattern. These studies indicate that the hydrophobic lipid Gelucire 43/01 can be considered an effective carrier for design of a multiunit floating drug delivery system for highly water soluble drugs such as ranitidine HCl.
INTRODUCTION
Rapid gastrointestinal transit can result in incomplete drug release from a device above the absorption zone, leading to diminished efficacy of the administered dose. 1 Therefore, different approaches have been proposed to retain the dosage form in the stomach. These include bioadhesive systems, 2 swelling and expanding systems, 3, 4 and floating systems. 5, 6 Large single-unit dosage forms undergo significant swelling after oral administration, and the swollen matrix inhibits gastric emptying even when the pyloric sphincter is in an uncontracted state. Park and Park reported on medicated polymeric sheets and swelling of balloon hydrogels. 7 But with swelling and expanding systems there is a risk of permanent retention. Bioadhesive systems may cause problems such as irritation of the mucous layer owing to high localized concentration of the drug. 8 Hydrodynamically balanced systems, designed using effervescent mixtures, have achieved commercial success but require a high drug:excipient ratio, have unpredictable bioavailability, and are unsuitable for drugs degrading in basic pH because of the alkaline microenvironment. Single-unit systems such as tablets or capsules may exhibit the all-or-none emptying phenomenon, which may be overcome by the design of multiunit systems. 9 Multiunit dosage forms such as pellets and granules may be more suitable because they claim to reduce the intersubject variability in absorption and lower the probability of dose dumping. 10 Many lipid-based sustainedrelease matrix systems are discussed in the literature. [11] [12] [13] [14] Kumar et al reported on a floating glycerol monooleate single-unit lipid matrix containing a high drug:excipient ratio (1:30) to achieve sustained drug release. 15 Gelucires are a family of vehicles derived from mixtures of mono-, di-, and triglycerides with polyethylene glycol (PEG) esters of fatty acids. Gelucires are available with a range of properties depending on their hydrophilic lipophilic balance (HLB 1-18) and melting point (33-C-65-C) range. 16, 17 Gelucires containing only PEG esters (Gelucire 55/18) are generally used in the preparation of fast-release formulations, while Gelucires containing only glycerides or a mixture of glycerides and PEG esters (Gelucire 54/02, 50/13, 43/01) are used in the preparation of sustained-release formulations. 11, 18 Sutananta et al reported on sustained-release single-unit matrices using Gelucire 43/01 where only 1.7% theophylline was released over 20 hours. 19 Recently, Shimpi et al 20 reported on a multiunit floating-dosage form of diltiazem HCl, considering the benefits of a multiunit floating dosage form over other systems.
Ranitidine HCl (RHCl), the model drug for this study, is a histamine H 2 -receptor antagonist. It is widely prescribed in active duodenal ulcers, gastric ulcers, Zollinger-Ellison syndrome, gastroesophageal reflux disease, and erosive esophagitis. The recommended adult oral dosage of ranitidine is 150 mg twice daily or 300 mg once daily. The effective treatment of erosive esophagitis requires administration of 150 mg of ranitidine 4 times a day. 21 A conventional dose of 150 mg can inhibit gastric acid secretion up to 5 hours but not up to 10 hours. An alternative dose of 300 mg leads to plasma fluctuations; thus, a sustained-release dosage form of RHCl is desirable. 22 The short biological half-life of the drug (~2.5-3 hours) also favors development of a sustainedrelease formulation. A traditional oral sustained-release formulation releases most of the drug at the colon; thus, the drug should have an absorption window either in the colon or throughout the gastrointestinal tract. Ranitidine is absorbed in only the initial part of the small intestine and has 50% absolute bioavailability. 23, 24 Moreover, colonic metabolism of ranitidine is partly responsible for the poor bioavailability of ranitidine from the colon. 25 These properties of RHCl do not favor the traditional approach to sustained-release delivery. Hence, clinically acceptable sustained-release dosage forms of RHCl prepared with conventional technology may not be successful. The gastroretentive drug delivery systems can be retained in the stomach and assist in improving the oral sustained delivery of drugs that have an absorption window in a particular region of the gastrointestinal tract. These systems help in continuously releasing the drug before it reaches the absorption window, thus ensuring optimal bioavailability. It is also reported that oral treatment of gastric disorders with an H 2 -receptor antagonist like ranitidine or famotidine used in combination with antacids promotes local delivery of these drugs to the receptor of the parietal cell wall. Local delivery also increases the stomach wall receptor site bioavailability and increases the drugs' ability to reduce acid secretion. 26 This principle may be applied for improving systemic as well as local delivery of RHCl, which would efficiently reduce gastric acid secretion.
Thus, the major objective of the present study was to design floating sustained-release granules with a low drug:lipid ratio. To achieve a lower drug:excipient ratio and good floating ability, the hydrophobic grade of the lipid excipient Gelucire (Gelucire 43/01) was selected, and the formulation was optimized using a 3 2 full factorial design.
MATERIALS AND METHODS

Materials
Gelucire 43/01 (waxy solid, melting point 43-C, HLB = 01) was a gift from Gattefosse (St Priest, Cedex, France). Ranitidine HCL was a gift from Astron Research Pvt Ltd (Ahmedabad, India). Ethyl cellulose (EC), methylcellulose (MC), and hydroxypropyl methylcellulose (HPMC) were gifts from Zydus Cadila HealthCare Ltd (Ahmedabad, India). Concentrated hydrochloric acid (HCL) was kindly supplied by Laser Chemicals (Ahmedabad, India). All other chemicals were of analytical grade.
Methods
Preparation of RHCl Floating Granules
Floating granules containing RHCl were prepared using the melt granulation technique. For factorial batches the drug was mixed with the required quantities of Gelucires (43/01) to produce the required drug:lipid ratio. The additives of different sustaining action-HPMC, EC, and MC-were added separately to the formulations. The lipid was melted at 50-C, and the drug or drug and additives mixture was added, mixed well, and cooled to room temperature. The mass was passed through a 22-mesh sieve to obtain uniform-sized granules.
Drug Content and Percentage Yield
Ten milligrams of floating granules were added to 10 mL of distilled water, heated to 60-C, and allowed to cool to room temperature. The lipid was solidified and the drug solution was filtered through Whatman filter paper (Whatman International Ltd., Maidstone, England). The sample was analyzed for drug content by UV spectrophotometry (Shimadzu UV/Vis double beam spectrophotometer, model 1601, Kyoto, Japan) at 313 nm after suitable dilutions. Drug stability in the dissolution medium was checked for a period of more than 12 hours. The percentage yield of each formulation was calculated.
In Vitro Evaluation of Floating Ability
A weight of granules equivalent to 336 mg of RHCl was placed in 900 mL of 0.1 N HCL in a vessel maintained at 37-C ± 0.5-C and stirred at 50 rpm in a US Pharmacopeia (USP) 24 type 2 dissolution test apparatus (Electrolab TDT-06T, Mumbai, India). The percentage of floating granules up to 12 hours was determined, and the floating times were measured by visual observation.
In Vitro Drug Release Studies
The release of drug from granules containing different drug: lipid proportions with and without the release rate modifier was investigated. Studies were performed in triplicate using a USP 24 type 2 dissolution test apparatus with an agitation speed of 50 rpm in 0.1 N HCL maintained at 37 ± 0.5-C. At appropriate time intervals, the samples were withdrawn and assayed spectrophotometrically at 313 nm after filtration through Whatman filter paper and suitable dilutions. The methodology for in vitro dissolution was kept the same for all the batches prepared.
Selection of Lipid Carrier
The preliminary screening was performed to test 3 materials as lipid carriers-Compritol, Gelucire 43/01, and Gelucire 50/13-using various drug-to-carrier ratios (1:0.5, 1:1, 1:1.5, 
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and 1:2). The effect of polymers-EC, MC, and HPMC-on the release of drug from the granules was also checked at a drug:polymer ratio of 1:0.5. Granules prepared with different carriers and polymers were tested for floating behavior and in vitro drug release.
Optimization of Variables Using Factorial Design
A 3 2 randomized full factorial design was used in the present study. In this design 2 factors were evaluated, each at 3 levels, and experimental trials were performed for all 9 possible combinations. The amounts of lipid (Gelucire 43/01, X 1 ) and release modifier (EC, X 2 ) were chosen as independent variables in the 3 2 full factorial design, while Q 1 , Q 5 , and Q 10 (ie, drug release after 1, 5, and 10 hours, respectively) and similarity in dissolution profile of the prepared formulations to the theoretically predicted one (f 2 value) were selected as dependent variables. The formulation layout for the factorial design batches (F1-F9) is shown in Table 1 , and their dissolution profiles are compared with the theoretically predicted ones in Figure 1 .
Temperature Sensitivity Study of the Prepared Formulations
The final selection of the best formulation was done on the basis of the similarity factor (f 2 value). The batches with an f 2 value greater than 50 were considered to fit the required theoretical release pattern. Batches F4, F7, and F8 met this selection criterion. Among these batches, batch F4 was considered to be the best because it contained less Gelucire and showed a greater similarity in dissolution profile with theoretical predictions (f 2 = 62.43). To determine the change in in vitro release profile and floating behavior on storage, a temperature sensitivity study of the prepared formulations was performed at 40-C in a humidity jar with 75% relative humidity (RH). Samples were withdrawn after a 3-month interval and evaluated for change in in vitro drug release pattern and floating behavior.
RESULTS AND DISCUSSION
Results of Preliminary Screening
The evaluation results for in vitro drug release showed that Compritol was unable to retard the drug release after 4 hours. Although the granules with Compritol were able to float for more than 12 hours, the drug was released completely within 4 hours. The granules prepared with Gelucire 50/13 were found to sink within 1 hour, with complete drug release in 2 hours. The granules prepared with Gelucire 43/01 in various ratios were found to float for more than 12 hours and to retard the drug release as a function of the amount of Gelucire 43/ 01; hence, Gelucire 43/01 was used for the further studies.
To study the effect of various drug release modifiers from the granules, 3 batches were formulated using EC, MC, and low viscosity grade (K4M) HPMC. From the in vitro release study, EC was found to be the most effective in retarding the drug release. To evaluate the combined effect of Gelucire 43/01 and EC on the drug release from the granules, a full factorial design was used.
Full Factorial Design
A statistical model incorporating interactive and polynomial terms was used to evaluate the responses:
where Y is the dependent variable, b 0 is the arithmetic mean response of the 9 runs, and b 1 is the estimated coefficient for the factor X i . The main effects (X 1 and X 2 ) represent the average result of changing 1 factor at a time from its low to high values. The interaction terms (X 1 X 2 ) show how the response changes when 2 factors are simultaneously changed. The polynomial terms (X 1 X 1 and X 2 X 2 ) are included to investigate nonlinearity. The dissolution profile for 9 batches showed a variation (ie, initial 1 hour release ranging from 26.22% to 46.86% and drug released after 12 hours ranging from 79.58% to 107.58%). The data indicate that the release profile of the drug is strongly dependent on the selected independent variables. The fitted equations (full and reduced) relating the responses Q 1 , Q 5 , and Q 10 to the transformed factor are shown in Table 2 . The polynomial equations can be used to draw conclusions after considering the magnitude of the coefficient and whether it is negative or positive. Table 3 shows the results of the analysis of variance that was performed to identify insignificant factors. The high values of correlation coefficients for Q 1 , Q 5 , and Q 10 indicate a good fit. The equations may be used to obtain estimates of the response, as a small error of variance was noticed in the replicates. The significance test for regression coefficients was performed by applying the student F test. A coefficient is significant if the calculated F value is greater than the values of F.
Full and Reduced Model for Q 1
The significance levels of the coefficients b 12 , b 11 , and b 22 were found to be P = 0.7046, 0.5864, and 0.5038, respectively, so they were omitted from the full model to generate a reduced model. The results of the statistical analysis are shown in Table 2 . The coefficients b 0 , b 1 , and b 2 were found to be significant at P G .05; hence, they were retained in the reduced model. The reduced model was tested in portions to determine whether the coefficients b 12 , b 11 , and b 22 contribute significant information to the prediction of Q 1 .
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The results of the model testing are shown in Table 3 . The critical value of F for α = 0.05 is equal to 9.28 (df = 3, 3).
Since the calculated value (F = 0.373) is less than the critical value (F = 9.28), it may be concluded that the interaction terms b 12 , b 11 , and b 22 do not contribute significantly to the prediction of Q 1 and can be omitted from the full model to generate the reduced model. A response surface plot was also prepared, as shown in Figure 2 . 
Full and Reduced Model for Q 5
The significance levels of the coefficients b 12 , b 11 , and b 22 were found to be P = 0.6289, 0.6348, and 0.5427, respectively, so they were omitted from the full model to generate a reduced model. The results of the statistical analysis are shown in Table 2 . The coefficients b 0 , b 1 , and b 2 were found to be significant at P G .05; hence, they were retained in the reduced model. The reduced model was tested in portions to determine whether the coefficients b 12 , b 11 , and b 22 contribute significant information to the prediction of Q 5 . 27 The results of the model testing are shown in Table 3 . The critical value of F for α = 0.05 is equal to 9.28 (df = 3, 3). Since the calculated value (F = 0.345) is less than the critical value (F = 9.28), it may be concluded that the interaction terms b 12 , b 11 , and b 22 do not contribute significantly to the prediction of Q 5 and can be omitted from the full model to generate the reduced model. A response surface plot was also prepared, as shown in Figure 3 .
Full and Reduced Model for Q 10
The significance levels of the coefficients b 12 , b 11 , and b 22 were found to be P = 0.0791, 0.1152, and 0.3904, respectively, so they were omitted from the full model to generate a reduced model. The results of the statistical analysis are shown in Table 2 . The coefficients b 0 , b 1 , and b 2 were found to be significant at P G .05; hence, they were retained in the reduced model. The reduced model was tested in portions to determine whether the coefficients b 12 , b 11 , and b 22 contribute significant information to the prediction of Q 10 . 27 The results of the model testing are shown in Table 3 . The critical value of F for α = 0.05 is equal to 9.28 (df = 3, 3). Since the calculated value (F = 4.238) is less than the critical value (F = 9.28), it may be concluded that the interaction terms b 12 , b 11 , and b 22 do not contribute significantly to the prediction of Q 10 and can be omitted from the full model to generate the reduced model. A response surface plot was also prepared, as shown in Figure 4 .
Results of Temperature Sensitivity Study
To determine the change in in vitro release profile on storage, a temperature sensitivity study of the prepared formulations was performed at 40-C in a humidity jar with 75% RH. Samples withdrawn after 3 months showed no change in in vitro drug release pattern and in vitro buoyancy. The value of the similarity factor for the best formulation (batch F4) was 91.41 (Table 4) , indicating good similarity of dissolution profiles before and after temperature sensitivity studies. The calculated t value (0.486) was smaller than the tabulated t value (1.71), as shown in Table 4 , indicating an insignificant difference in the dissolution profiles before and after temperature sensitivity studies.
CONCLUSION
From the present investigation it may be concluded that the hydrophobic lipid Gelucire 43/01 is an effective carrier for the design of a multiunit floating drug delivery system of highly water soluble drugs like RHCl.
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